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ON THE SPECIFICITY OF THE RESPONSE OF MOUSE EPIDERMIS
TO VITAMIN A*
DONALD J. LAWRENCE, A.B. AND HOWARD A. BERN, M.A., PH.D.
Whereas it is well established that adequate
dietary vitamin A is necessary for general epithe-
hal maintenance (22, 23), little is known con-
cerning the mode of action of the vitamin on
epithelia. Various effects of the local application
of the vitamin to epithelia, including the epider-
mis, have been recorded, but the use of large
amounts of vitamin A in experiments on the
epidermis has complicated interpretation.
An hypertrophie response of rat epidermis to
topical vitamin A has been reported (5, 24). Rats
received 3700 or 1000 units of synthetic vitamin
A alcohol daily in sesame oil; the normally thin
epidermis (of about 4—5 cell layers) was locally
thickened after 10 days of treatment, and the
normally thin stratum granulosum became prom-
inent. Whereas sesame oil alone induced a slight
thickening, the vitamin treatment always re-
sulted in a significantly greater response than
from the oil alone. No "adaptation" to the effects
of the vitamin was seen after 60 days of continued
treatment.
Montagna (20) applied 15,000 units of the
vitamin as the acetate or the alcohol to the skin
of guinea pigs, employing a container designed to
insure continuous contact of the preparation with
the skin, or administered doses of 2500 units in
05% alcohol twice daily, for as long as 12 days.
Whereas the vitamin in a variety of non-aqueous
vehicles consistently produced epidermal hyper-
trophy, the vehicles themselves produced changes
in the epidermis varying from slight hypertrophy
in the ease of alcohol alone to marked hyper-
trophy and damage (glyeogen accumulation and
aberrant cell types) in the ease of pure oleie acid.
Vitamin A in alcohol produced marked hyper-
trophy with a roughly normal stratum eorneum,
without glyeogen accumulation or other visible
damage to the epidermis. Montagna concluded
that topical vitamin A produced "nonspecific
hypertrophy" of the epidermis.
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In some general comments on vitamin A-
epidermis relations, Montagna (21) stated that
large doses of vitamin A have no effect on epider-
mal keratinization in laboratory animals. Al-
though the stratum eorneum appeared roughly
normal after local vitamin A treatment of rat
epidermis (5), Kahn (16) has observed incom-
pletely keratinized epithelial cells in vaginal
smears of estrogenized castrate rats after local
vitamin A treatment. Although epidermal hyper-
trophy is seen in laboratory animals after applica-
tion of large amounts of a wide variety of appar-
ently unrelated substances, Kahn (16) recorded
effects on the rat vagina by amounts of vitamin
A comparable to the minimum levels of estradiol
necessary to induce vaginal cornification.
The experiments reported herein were designed
to investigate (a) the effects of small amounts of
vitamin A on mouse epidermis, employing a
minimally irritant aqueous vehicle, (b) the effects
on the epidermis of comparable amounts of
certain other substances similarly administered,
which have been reported to stimulate epidermal
changes, and (e) the relation of the vitamin-
induced hypertrophy to the hair cycle. The data
presented here have led us to consider the epi-
dermal response to vitamin A as a more or less
"specific action" of the vitamin, rather than as an
instance of "nonspecific irritation".
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MATERIALS AND METHODS
Materials tested: The principal vitamin A prep-
aration employed in these studies was an
"aqueous" dispersion of a high-potency natural
vitamin A preparation from saponified and sol-
vent-extracted fish liver oil: "Aquasol A",' con-
taining 50,000 units vitamin A activity per ml.
The Aquasol dispersant was standardly diluted
1:25 with water, and solutions of Aquasol A
containing 20, 100, 200, 1000 and 2000 units of
vitamin activity per ml were prepared and applied
'Generously supplied by Dr. L. Freedman of
U. S. Vitamin Corporation. New York City.
Undiluted Aquasol is a dispersing agent con-
taining propylene glycol, Tween 20, oil of anise, an
antioxidant (not toeopherol), and about 40%
water. After our standard dilution, the dispersant
was about 97% water.
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TABLE I
Epidermal thicknesses (less Stratum Corneum) after topical application of various agents for ten. days
daily in volumes of 0.05 ml, thus providing daily
doses of 1, 5, 10, 50, and 100 units of vitamin A.
The exact vitamin activity was not determined for
these solutions, but dilutions were made serially
from the stock preparation so that the relative
strengths of the solutions are accurately repre-
sented. In addition, crystalline synthetic vitamin
A alcohol2 was dissolved in the diluted Aquasol
(which proved satisfactory in the diluted form as
a dispersant if vigorous, continued stirring was
2 Crystalline synthetic vitamin A alcohol (all-
trans) and a-carotene (100% beta) were kindly
provided by Dr. Philip L. Harris, Distillation
Products Industries, Rochester, N. Y.
Vitamin
A
Substances
Other than
Vitamin A
Amount m.e.*/
Con-
centra-
tion
of
Aquasol
Treatment Begun EpidermalThicknesst
Statistical
Evaluation
Corn-
p pared to
group
0
1:25
1:25
1:25
1:25
1:25
1:25
Anagen VI
Anagen VI
Anagen VI
Anagen VI
Anagen VI
Anagen VI
Anagen VI
S
0.2
0.1
0.3
0.4
0.4
0.4
0.5
10.6
10.9
14.6
21.2
24.2
29.5
32.2
Group
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
n
9
18
9
9
10
8
9
5
9
8
8
8
8
8
10
9
8
5
5
5
9
8
8
5g./day
30
30
90
17
8
13
56
Treatment
Untreated
Dilute Aquasol
Aquasol A
Aquasol A
Aquasol A
Aquasol A
Aquasol A
Dilute Aquasol
(Control for
9, 10)
Synthetic Vita-
min A
Synthetic Vita-
min A
Untreated
Dilute Aquasol
Aquasol A
Aquasol A
Oleic acid
Oleic acid
Oleic acid
l-Cysteine-HCI
2-Mereapto-
ethanol
a-Toluenethiol
fl-Carotene
Hypophysec-
tomy, un-
treated
Hypophysec-
tomy, dilute
Aquasol
Hypophysec-
tomy, Aqua-
sol A
1:25 Anagen VI
1:25 Anagen VI
units/
day
0
0
1
5
10
50
100
0
1
100
0
0
1
10
0
0
0
0
0
0
0
0
0
n.s4
<.001
<.001
<.001
<.001
<.001
n's.
<.001
.05—02
n's.
.05—.02
n.s.
.01—.001
n.s.
n's.
.05—.02
n.s.
n .s.
n's.
n.s.
.02—01
.02—01
1
2
2
2
2
2
2
3
7
1
2
3
5
12
2, 15
2
2
2
2
2
1
2
100
100
300
100
100
100
100
1:25
0
1:25
1:25
1:25
1:25
1:25
1:25
1:25
1:25
1:25
1:25
0
1:25
1:25
11.1 0.9
18.7 0.7
34.1 0.7
11.3 0.4
11.8 0.4
14.0 0.4
28.1 1.2
11.9 0.2
11.7 0.5
11.8 0.4
11.0 0.1
10.9 0.2
11.2 0.2
10.9 0.4
11.4 0.2
11.8 0.1
28—35
Anagen VI
Telogen
Telogen
Telogen
Telogen
Telogen
Anagen VI
Anagen VI
Anagen VI
Anagen VI
Anagen VI
Anagen VI
Anagen VI
Anagen VI
Anagen VI8 100
* Mole-equivalents of vitamin A expressed as units.
m SEm.
Not significant.
§ Irregular thickness; see text.
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employed) to provide solutions containing 20 and
2000 units/mi. Undiluted Aquasol A (2500 units/
0.05 mi/day) was applied to 10 mice in anagen
VI; in this case, the undiluted Aquasol was admin-
istered as a control (to 10 mice). Data from these
latter 20 mice are not included in the tables.
Other agents were dispersed in the 1:25 dilution
of Aquasol in amounts designed to provide a mole-
equivalent of 100 units of vitamin A in 0.05 ml of
dispersant (see Table I). These agents were:
1-cysteine-HCI (330 sg/mi), 3-carotene2 (1125 ig/
ml), 2-mercaptoethanol (165 jzg/ml), a-toluene-
thiol (benzylmercaptan, 260 ig/ml) and oleic acid
(590 ig/ml). In addition, oleic acid was applied
during anagen VI in a concentration of 1775 ig/ml
of diluted Aquasol, as well as in the pure (undis-
persed) form (0.03 mi/day) to 20 mice not included
in Table I. Diluted Aquasol (1:25) was employed
as a control solution.
Treatment: Test materials were applied daily,
delivered by 0.25 ml tuberculin syringe to an area
of about 2.5 cm of the plucked interscapular
region. Following delivery, the liquid was dis-
tributed by 3—4 light strokes of the side of the 20-
gauge delivery needle. Animals were sacrifice1 on
the day following the last treatment, except in the
case of the regression experiment (groups 25—28,
Table III).
Animals: A total of 274 C57B1 Crgl mice,
18—21 days of age, was used in this study. To con-
trol for cyclical changes in epidermis during the
hair cycle (8), hair was plucked from the inter-
scapular region of the dorsum when that area was
in telogen (resting stage of the hair cycle) (9, 11),
and treatment was begun on the beginning of (a)
the next anagen VI (gross hair growth stage of the
hair cycle) or (b) the next telogen. Two days were
allowed to elapse after the disappearance of gross
skin pigmentation before beginning treatments in
telogen. Except for 27 females distributed among
5 groups, male mice were used throughout; no sex
difference in response to various treatments was
noted.
Twenty-four male mice (groups 22—24, Table I)
TABLE II
Group
Hair follicle lengths after topical application of various agents for ten days
Statistical Evaluation
n Vitamin A Concentration
of Aquasol Treatment Begun Follicle Length Compared
to group
2
5
7
12
14
6
7
6
5
8
units/day
0
10
100
0
10
1:25
1:25
1:25
1:25
1:25
Anagen VII-
Anagen VII-
Anagen VII-
Telogen
Telogen
847 7
853 4
880 9
141 5
156 4
n.s.
.01—.001
n.s.
2
2
12
* m SEm.
I- After treatment in anagen VI, follicle lengths were measured from the dermo-epidermal junction
to the proximal tip of the follicle bulb.
After treatment in telogen, follicle lengths were measured from the dermo-epidermal junction to
the proximal tip of the club hair.
TABLE III
Epidermal thickness (less Stratum Corneum) after ten daily treatments in anagen VI followed by ten days
without treatment
Group Treatment 0
25
26
27
28
Untreated
Dilute Aquasol
Aquasol A
Aquasol A
Vitamin A
units/day
0
0
1
100
4
3
5
4
Concentration of
Aquasol
1:25
1:25
1:25
Statistical
Evaluation
Compared
to group
* m SEm.
Epidermal Thickness*
11.6 0.5
11.1 0.2
11.8 0.3
13.6 0.9
n .s.
n.s.
n.s.
n.s.
1
2, 25
26
26
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were hypophysectomized at 18—20 days of age (one
day after plucking) by Dr. Satyabrata Nandi of
our laboratory, and were maintained at about 800
F. Of these mice, 8 received 100 units Aquasol
A/day, 8 received diluted Aquasol alone, and 8
served as untreated controls. Treatment was be-
gun at the inception of the next anagen VI.
A group of 10 adult male mice received 100 units
synthetic vitamin A alcohol in 0.05 ml diluted
Aquasol (5 animals), or dilute Aquasol alone (5
animals), applied as 0.05 ml daily for 10 days to an
area of about 2.5 cm2 of tail epidermis just caudal
to the termination of the dorsal pelage.
At the beginning of each experiment, each
mouse was placed in an individual cage and main-
tained in isolation until sacrificed. All mice re-
ceived the same Diablo laboratory chow diet and
tap water except the hypophysectomized mice
which received, in addition, modified McCollum's
Diet I (1) and 0.9% saline drinking water.
Histologic technic: After sacrifice of the mice by
neck fracture, treated skin areas were removed,
flattened on thin cardboard, and divided sagittally
into two parallel portions. One portion was fixed
in 1% trichloroacetic acid in 80% ethanol (TCA)
and the other, after dipping in TCA as a wetting
agent, was fixed in Bouin's fluid. Paraffin sections
were cut at Op. Bouin's-fixed material was stained
withhematoxylin and eosin, and adjacent sections
were treated with the periodic acid-Schiff (PAS)
technic, with and without prior digestion with
buffered diastase. Some TCA-fixed material was
treated according to the technic of Barrnett and
Seligman (4) for localization of protein-bound
sulfhydryl groups. Epidermal thickness was
measured with an ocular micrometer at ooox at
20 interfollicular areas for each animal; follicle
lengths were obtained at 1SOX from 10 follicles for
each animal (Table II).
Occasional mice were eliminated from the
experimental groups (a) if they were found to be in
a stage of the hair cycle grossly different from that
of most animals receiving the same treatment, or
(b) if they exhibited gross pathology, such as skin
infection or cysts derived from hair follicles (seen
in one litter of three mice).
Mitotic counts: Mice were treated for 8 days
during anagen VI with 1 or 100 units/day Aquasol
A (5 mice each), with diluted Aquasol alone (4
mice), or remained untreated (5 mice). Treatment
was given daily at about 8 A.M. Colchicine was
administered according to the method of Bullough
(6): each mouse received 0.1 mg colchicine USP in
0.25 ml distilled water injected subcutaneously
1634 hours after its last treatment, and was sacri-
ficed 934 hours later. Paraffin sections of Bouin's-
fixed skin were cut at 7 p and stained with hema-
toxylin and eosin.
Mitotic indices of epidermis (Table IV) were
obtained by counting arrested cell divisions (in
all layers of the epidermis) in interfollicular
areas within 10 three mm lengths of skin per
animal. Mitoses noted at follicle necks were not
counted, since Liang and Cowdry (18, 19) have
reported that the follicle neck area responds
differently to at least some topically-applied
agents than does the interfollicular epidermis.
Mitotic figures were counted in hair follicle bulb
sections, and bulb areas were calculated from
planimeter tracings of camera lucida drawings of
bulb sections. Bulb mitotic counts and area deter-
minations were from a single sagittal section of
each of 10 bulbs per animal.
OBSERVATIONS
Epidermal Responses
Table I shows clearly that minute amounts of
topically-applied vitamin A result in significant
TABLE IV
Colchicine-arrested mitoses in mouse epidermis and hair follicle bulb after eight days of treatment during
anagen VI
3 Treatment n VitaminA
Conrentra-
tion of
Aqoasol
No. Mitoses/
3 Mm.
Epidermise
No. Mitoses/
Bulb0 Area of Bulb0 No. Mitoses/Mm2 Bulb0
29 Untreated 5
units!
day
0 8.2 0.9 10.5 0.5
mm2
.00443 .00049 2480 220
30 Dilute Aquasol 4 0 1:25 10.0 0.4 11.0 1.0 .00477 .00023 2310 250
31 Aquasol A 5 1 1:25 21.0 1.St 17.6 0.9t .00416 .00017 4260 340t32 Aquasol A 5 100 1:25 75.4 4.7f 14.8 1.7 .00432 +
.00079
3670 580t
* m SEm.
t Values significantly greater at <1% level of confidence as compared with dilute Aquasol controls
(group 30).
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FIG. 1. Response of C57B1 mouse epidermis to 10 daily topical applications of vitamin A-Aquasol
during anagen VI.
epidermal hypertrophy (Fig. 2). On the other
hand, dilute Aquasol—the dispersant used in
most of these experiments—caused no significant
change in epidermis or hair follicles after 10 days
of treatment (groups 1—2, 11—12, Table I; Figs.
2a, 2b).
The data from animals treated with the various
doses of vitamin A during anagen VI indicate a
definite dose-response relationship: a degree of
epidermal hypertrophy was observed which was
roughly proportional to the log of dose (Fig. 1).
Epidermal responses to various agents adminis-
tered during telogen (groups 11—14, Table I) were
essentially the same as those seen after applica-
tion in anagen.
Synthetic vitamin A dispersed in dilute Aqua-
so! (groups 8—10, Table I) produced effects almost
identical with those observed after Aquasol A,
with slightly greater epidermal hypertrophy
(although dose levels of synthetic vitamin A
and Aquasol A cannot be directly compared
since vitamin activities were not determined);
therefore, no further distinction will be made
between these two preparations of the vitamin.
Increased prominence of the stratum granulo-
sum was observed after every dose level of the
vitamin except at the 1 unit/day level (Fig. 2).
Sections of TCA-fixed material treated to show
localization of protein-bound sulfhydryl (Sil)
groups indicated that SH concentration was
increased in the subeorneal region after 5—100
units vitamin A/day.
Epidermal hypertrophy after vitamin A,
whether applied in anagen or in telogen, at all
dose levels tested here (except the massive dosage
of 2500 units/day of undiluted Aquasol A) was
accompanied by neither glycogen accumulation
nor abnormal epidermal nuclei (cf. 20). Therefore,
it seems unlikely that the low-dose vitamin A
effect is one of non-specific injury.
At levels of 50—100 units/day, vitamin A
treatment was followed by obvious hypertrophy
of individual epidermal cells, particularly in the
basal layers; such hypertrophy was not obvious
at lower dose levels. At levels above 50 units/day,
vitamin treatment was followed by an increase
in vascularity and in cellularity (increased
numbers of fibroblasts, mast cells and macro-
phages) of the dermis.
Examination of the retained portions of the
stratum corneum present in most sections indi-
cated no clearcut change in thickness nor in
staining characteristics after vitamin A in
levels up to 10 units/day; after 50—100 units/day,
a slight thickening of the stratum corneum was
observed.
Hair Follicle Respon.ses
After treatment in ariagen with vitamin A,
hair follicles showed (a) slight hypertrophy of the
uppermost outer sheath at the follicle neck, and
(b) significant lengthening after the 100 unit/day
treatment (cf. Table II). Follicle lengthening
after vitamin A treatment has been recorded
previously in our laboratory by T. R. Powers.
Treatment with 10 units/day of vitamin A
during telogen resulted in hypertrophied upper
(n 9)
295 0.4
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(nIO)
50 100
FIG. 2. Mouse dorsum epidermis after 10 days treatment during anagen VI with various substances.
Bouin's, H. and E. X825.
Fju. 2a. Untreated control. Note thin epidermis, thin stratum granulosum.
FIG. 2b. Diluted Aquasol control. Note similarity to Fig. 2A.
FIG. 2c. Oleic acid in dilute Aquasol (30 pg/day = mole-equivalent of 100 units/day vitamin A).Note similarity to Figs. 2a, 2b.
FIG. 2d. One unit/day Aquasol A. Note epidermal hypertrophy, suggestion of cell hypertrophy,
little or no increase in prominence of stratum granulosum. Compare with Figs. 2a, 2b (control), 2c.
FIG. 2e. Five units/day Aquasol A. Note epidermal hypertrophy, prominent stratum granulosum.
FIG. 2f. Ten units/day Aquasol A.
FIG. 2g. Fifty units/day Aquasol A.
FIG. 2h. One hundred units/day Aquasol A. Note cell hypertrophy visible in basal layers. Compare
with equivalent dose level of oleic acid (Fig. 2c).
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outer sheaths as far down as the sebaceous gland
level in resting hair follicles.
After vitamin A treatment at doses up to 100
units/day, applied during anagen, no change in
the average stage of the hair cycle can be de-
tected. Levels up to 10 units/day, applied during
telogen, do not result in an early inception of the
next anagen, and there is a strong suggestion that
controls were entering the next growth stage
slightly earlier than vitamin-treated groups which
were uniformly in telogen.
Transient Nature of Response
In the regression experiment (cf. Table III),
conducted to determine the state of epidermis
after 10 days without treatment, animals which
had been treated initially with 1 unit or with 100
units Aquasol A/day for 10 days showed no
significant epidermal thickening. There was an
indication that vitamin A-treated animals were
entering the next growth phase ahead of the
control groups, but this effect is only suggested
owing to the small number of animals employed.
It can be seen, therefore, that the histologic
effect of a low dose of the vitamin spontaneously
disappears after a short period without treatment.
Effects of Other Agents
13-carotene, dispersed in dilute Aquasol and
applied in the mole-equivalent of 100 units
vitamin A/day during anagen VI, failed to induce
a significant change in epidermal thickness, gross
hair growth, or skin histology.
Since Hammett (13) observed epidermal hyper-
trophy in the mouse after application of benzyl-
mercaptan (a-toluenethiol), several compounds
with an active thiol group were dispersed in
dilute Aquasol and applied topically at low dose
levels during anagen VI (groups 18—20, Table I)
in order to determine if epidermal response to
these agents resembled the response to small
amounts of vitamin A. l-Cysteine-HC1, 2-mercap-
toethanol, and a-toluenethiol (benzylmercaptan),
all applied individually in the mole-equivalent of
100 units vitamin A/day, failed to produce any
significant change in epidermal thickness, skin
histology, or hair growth.
To compare the effects of a possibly "irri-
tating" (20) unsaturated fatty acid with the
effects of small amounts of vitamin A, experi-
ments employing oleic acid dispersed in dilute
Aquasol were carried out. Oleic acid in the mole-
equivalent of 100 units vitamin A/day applied
during anagen VI (group 16, Table I; Fig. 2c)
or telogen (group 15) induced neither epidermal
hypertrophy nor change in the average stage of
the hair cycle. Oleic acid at a higher level (mole-
equivalent of 300 units vitamin A/day) dispersed
in dilute Aquasol also had no effect other than a
slight indication of epidermal injury without
hypertrophy.
Pure oleic acid at a level equivalent in moles to
3 x 10 units of vitamin A/day was followed by
a varied response: (a) most animals died following
epilation after 5—8 days treatment (13/20 ani-
mals); (b) a few lived after epilation (4/20 ani-
mals); (c) the remaining three mice lived without
epilation and were in anagen VI or early catagen.
All animals that received this massive oleic
acid treatment exhibited extensive epidermal
hypertrophy and a prominent stratum granulo-
sum, accompanied by some glycogen accumula-
tion and nuclear pyknosis, as well as necrotic
foci. Epidermal mitotic figures were frequent;
intercellular bridges were prominent in lower
and middle epidermal layers. The upper outer
follicle sheaths of resting and early anagen folli-
cles were hypertrophied. The histologic picture
after pure oleic acid, therefore, is one of epidermal
injury and hypertrophy; epilation and deaths of
mice after such treatment seem to be the result of
nonspecific sequelae (infection, etc.). The condi-
tion of the skin from three animals that survived
such treatment without epilation is described in
more detail below.
Effects of Massive Vitamin A Treatment
Undiluted Aquasol alone, administered in
anagen VI, induced epidermal hypertrophy and
a prominent stratum granulosum, similar in
degree to the hypertrophy seen after 100 units
vitamin A/day in dilute Aquasol but with slight
epidermal injury; hair follicles were in telogen or
late catagen. Undiluted Aquasol A (2500 units/
day) applied durng anagen VI was followed by
death in two of 10 animals; in those that survived,
hair follicles were in anagen VI or catagen
(slightly but significantly lagging behind the
undiluted Aquasol control group). In several
respects sections of the treated skin resembled
skin from the three surviving mice treated with
pure oleic acid: both treatments resulted in
massive epidermal hypertrophy and hyperplasia
-.
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FIG. 3. Mouse skin from various body regions after various treatments. Bouin's, H. and E.
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with abnormal desquamating cells, increased
epidermal mitoses, prominent intercellular
bridges, focal necrotic areas, lengthened hair
follicles in anagen VI, and hypertrophy of the
upper outer sheath in telogen and early anagen
follicles. Lengthened follicles in anagen VI were
accompanied by a "stretched" appearance of
sebaceous glands along the outer follicle sheaths.
Marked infiltration of the dermis by leukocytes
was present. Differences were evident, however,
in the response to these two treatments (Figs.
3d, 3e): (a) after massive oleic acid, layers of
degenerating, desquamating cells containing
intensely cosinophilic nuclei were observed; (b)
after undiluted Aquasol A, cell hypertrophy was
greater and another type of degenerative end-
point was observed involving intracellular
accumulation of an amorphous substance (PAS-
positive, diastase-resistant). This material was
seen in more distal layers in large globules which
often contained a single pyknotic nuclear rem-
nant. Horton et al. (14) show photomicrographs
of a somewhat similar pathology after application
of damaging agents. Whereas the degenerative
end-point after undiluted Aquasol A is not con-
sidered a specific effect of vitamin A, it is not
identical with that produced by pure oleic acid.
Mitotic Index
To determine if repeated applications of small
amounts of vitamin A were followed by a change
in the epidermal mitotic index, an experiment
was carried out employing colchicine for quan-
tifying mitotic activity (Table IV). After 8 days
of daily topical treatment during anagen VI,
mice received colchicine. Histologic sections
showed that all animals were in late anagen VI,
with infrequent follicles in early catagen. The
characteristic epidermal hypertrophy following
vitamin A treatment (even at the 1 unit/day
level) was present. There was no significant
change in bulb size after any treatment. Dilute
Aquasol alone had no significant effect on epi-
dermal or bulbar mitoses (groups 29, 30). On the
other hand, Aquasol A was followed by a marked
increase in epidermal mitoses (Fig. 3a) even at
the 1 unit/day level (groups 31, 32). After vita-
min A, mitoses appeared at least as frequently at
necks of follicles as in the interfollicular epidermis.
Mitotic increases in the bulb after Aquasol A
were less marked than the changes observed in
the epidermis, and bulbar mitoses were not
significantly different in 100 and 1 unit groups.
Response in Absence of Pituitary
In order to determine if the growth response of
epidermis is pituitary-dependent, an experiment
employing hypophysectomized mice was carried
out (groups 22—24, Table I). Hypophysectomy
was presumed complete inasmuch as no animals
included here gained weight during the experi-
mental period and no hypophysial remnants were
visible at autopsy. Again, dilute Aquasol-treated
animals were not different histologically from
untreated animals. All animals were found to be
in telogen or early anagen, with no significant
difference in hair cycle stage among groups. All
untreated and dilute Aquasol-treated animals
survived the full treatment period, but of the 8
mice that received 100 units Aquasol A/day, 5
died between the 5th and 9th day of application
without epilation or gross pathology on autopsy
but exhibiting epidermal hypertrophy. The
epidermal hypertrophy in hypophysectomized
animals was marked but irregular and variable
(thus contrasting with the even degree of epider-
mal response over the application area in intact
animals at the same dose level). Nevertheless it
seems clear that the basic response of the epider-
Fio. 3a. Epidermis of dorsum after 8 days topical treatment during anagen VI with 100 units/day
Aquasol A, followed by colchicine administration to arrest mitoses. Note frequent mitotic figures.
Controls show less than one mitosis (average) per equivalent field. X785.
FIG. 3b. Mouse tail skin after 10 days topical treatment with dilute Aquasol. Note absence of stratum
granulosum in "hard" keratinizing epidermal "scale", presence of stratum granulosum between "scales"
in "soft" keratinizing epidermis adjacent to necks of hair follicles. X110.
FIG. 3c. Mouse tail skin after 10 days topical treatment with 100 units/day vitamin A dispersed in
dilute Aquasol. Note epidermal hypertrophy, absence of "hard" keratinizing regions (indicated here
by uniform presence of stratum granulosum), thicker dermis. ef. 3b. X110.
FIG. 3d. Epidermis of dorsum after 10 days topical treatment during anagen VI with massive oleic
acid. Note epidermal hypertrophy, abnormal keratinization (indicated by abnormal sloughing debris).
x110.
FIG. 3e. Epidermis of dorsum after 10 days topical treatmeot during anagen VI with massive vitamin
A (2500 units/day Aquasol A). Note intracellular accumulation of amorphous substance in stratum
corneum as described in text. cf. Fig. 3d. X110.
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mis to small amounts of vitamin A is not pitui-
tary-dependent.
Responses of Mouse Tail Epidermis
Normal mouse tail epidermis appears on
histologic sections (Fig. 3b) as scale-like islands
of apparently "hard"-keratinizing epidermis
(with a slightly picrophilic moderately cohesive
stratum corneum and without a stratum granulo-
sum except at the rostralmost portion of the tail),
separated by and merging with smaller areas of
"soft"-kcratinizing epidermis (with a thin,
flaky stratum corneum and a visible stratum
granulosum) containing hair follicles. Anteriorly)
where the mixed epidermis of the tail merges
with the normal "soft"-keratinizing epidermis of
the dorsum and venter, many of the "scales" are
less obviously "hard" keratin and may have a
stratum granulosum. In order to determine the
response of this mixed epidermis to vitamin A,
treatment of tail epidermis with dilute Aquasol
alone or synthetic vitamin A (about 100 units/
day) dispersed in dilute Aquasol was continued
for ten days without regard to the hair cycle of
the treated area.
After vitamin A treatment (Fig. 3c), "scales"
as well as "soft" keratin regions are replaced by
an hypertrophic, hyperplastic epidermis which
exhibits a prominent stratum granulosum. Kera-
tinization is not abolished, but is all of the "soft"
variety. The degree of hypertrophy is variable,
suggesting that the vitamin effect may have been
modified by scratching (although no animal was
observed to scratch the treated area). The vita-
min effect on epidermis, therefore, is apparently
not limited to regions of "soft" keratinization.
DISCUSSION
Since the control preparation employed—
dilute Aquasol—applied alone has no significant
morphologic effect on skin or hair of the mouse,
the data presented herein demonstrate that (a)
small amounts of vitamin A induce epidermal
hypertrophy; (b) such hypertrophy is due to the
vitamin itself, and (c) the degree of hypertrophy
is dependent on the amount of vitamin A applied.
The relation of vitamin A dose level to degree of
epidermal hypertrophy suggests that at dose
levels up to 100 units/day, the effect of the vita-
min on epidermis is direct.
Two effects seem to account for overall epi-
dcrmal hypertrophy after vitamin A: (a) hyper-
trophy of individual epidermal cells (cf. Fig. 2)
although this was not quantitatively established
herein; and (b) increase in the number of layers
of epidermal cells (hyperplasia).
Although Jewell et al. (15) have reported that
single, massive "intracutaneous" injections of
vitamin A are followed by epidermal hyper-
trophy in the rabbit without change in epidermal
mitotic index, our data indicate that repeated
low-level treatment results in a large increase in
mitotic index of epidermis. The lack of effect on
mitoses reported by Jewell et al. may be due to the
fact that colchicine was not employed, or to the
possibility that an increase in mitotic index is
present only after repeated application of small
amounts of the vitamin—following other, earlier
changes in the epidermis resulting in cpidermal
hypcrtrophy. However, the large increases in
numbers of mitoses observed herein, considered
alone, could account for all other observed effects
(hyperplasia and organ hypertrophy) by means of
either of two mechanisms: (a) cell division rate is
increased so greatly that numbers of cell layers
increase secondarily, even though cell maturation
rate may be normal or increased; (b) the maxi-
mum level of nutrients available to epidermis is
insufficient to support a normal cell maturation
rate for very rapidly dividing epidermis, resulting
in an important decrease in maturation rate.
Assuming cell maturation rate to be equivalent
to overall keratinization rate, there is therefore
no basis for concluding that vitamin A directly
or even indirectly inhibits rate of keratinization.
Epidermal hypertrophy following small
amounts of vitamin A is not accompanied by any
clear indication of epidermal damage (glycogen
accumulation, nuclear pyknosis, etc.); keratiniza-
tion is not abolished. Whereas epidermal hyper-
trophy is observed after massive application of
many agents (13, 20, 21, 25), moderate hypcr-
trophy is always accompanied by an increased
prominence of the stratum granulosum. Since
the increased extent of the stratum granulosum
(as well as intensification of the SH-rich sub-
corneal region) noted after vitamin A was roughly
proportional to the degree of hypertrophy, these
changes are considered to be concomitants of
epidermal hyperplasia.
None of the substances tested in dilute Aquasol
at a dose level equivalent in moles to 100 units
vitamin A/day produced epidermal hypertrophy
except the vitamin itself. j3-carotene, reported
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by Cornbleet and Greenberg (10) to be trans-
formed in sebaeeous glands to vitamin A, failed
to produce hypertrophy. This may only indicate
that insufficient quantities of carotene metabo-
lites are made available to epidermis at low
carotene dose levels, but also strongly suggests a
specific action of the vitamin itself which, unlike
carotene, is effective in small amounts.
Benzylmercaptan, reported by Hammett (13)
to induce epidermal hypertrophy when given in
large amounts, and oleic acid, described by
Montagna (20) as the substance producing the
greatest "irritant" effect among the vehicles he
tested, produced no epidermal hypertrophy at
low dose levels. Small amounts of other com-
pounds containing thiol groups also induce no
hypertrophy. (It is assumed that the substances
administered in dilute Aquasol were unchanged
chemically, although alteration of labile SH
groups was possible.) Nevertheless, it is impor-
tant to note that an effect after vitamin A was
obtained at a dose level approximately 3i
the dose whereat other substances were ineffec-
tive, and this strongly supports the concept of a
specific action of the vitamin.
During active hair growth and in the resting
stages of the hair cycle, the cpidermal response to
small amounts of vitamin A is nearly identical.
This lack of apparent relation of effectiveness to
hair cycle stage at low dose levels is in contrast to
the nearly complete dependency of action of
carcinogenic and toxic agents upon a specific phase
of the hair cycle stage (7, 17, 18, 19).
Whereas small amounts of topically-applied
vitamin A produce marked changes in the epider-
mis, little change is seen in the hair follicle bulb.
In the upper regions of the follicle, hypertrophy
of the upper outer sheath is most obvious during
telogen, whereas lengthening of the follicle is
most marked in anagen VI. It is notable that the
upper outer sheath is most similar to interfollicu-
lar epidermis and that the vitamin effect is
greater here than on the follicle bulb. Two axes
of normal proliferation of the cells of the outer
sheath are known (21): one is parallel to the hair
shaft (as during follicle development in anagen
I-V or in wound healing); the other axis is medi-
ally toward the hair shaft during keratinization
of the upper outer sheath. Therefore, it is not
surprising that either a thickening of the upper
outer sheath or a lengthening of follicles is ob-
served after small amounts of vitamin A. The
lengthening response of the follicle to large
amounts of damaging agents has been recorded
briefly by Horton et al. (14). Follicle lengthening
is interpreted as a consequence of rapid prolifera-
tion of the epidermis.
Division of bulb cells appears to be less affected
by topical vitamin A than division of epidermal
cells; this may be due to the distance and mechan-
ical barriers present between application point
and bulb, or to an intrinsic difference in response
of the bulb cells to the vitamin. It is also possible
that the period of maximum effect of the vitamin
on bulb cell division was prior to the administra-
tion of colchicine (applied near catagen).
Vitamin A at dose levels up to 100 units/day
produces no important changes in the current
hair cycle stage after 10 days treatment; the same
dose levels applied in telogen do not shorten the
resting stage of the hair cycle by initiating an
early new cycle of growth through cpilation, as do
many injurious agents applied in large amounts
(7, 21). Even the largest amounts of vitamin A in
Aquasol used herein do not epilate the mouse, nor
destroy sebaceous glands, nor significantly alter
bulb or hair morphology.
It is clear that the degenerative end-point of
massive "aqueous" vitamin A is not identical
with that of pure oleic acid when applications are
made during anagen VI. Montagna (20) has
reported that the damaging effects of pure oleic
acid are not duplicated by massive vitamin A in
ethanol, but attached no significance to this
observation. On the other hand, Schaff and Gross
(25), who have studied the effects of a large
number of substances applied in large amounts to
the guinea pig, feel there is no essential correla-
tion between irritation and epidermal stimula-
tion.
The epidcrmal hypcrtrophy observed after
application of undiluted Aquasol alone may be
ascribed to the presence of Tween 20 in this
dispersing agent, since at least some of the Twcen
series have been shown (2, 26) to induce epider-
mal hypertrophy when applied in large amounts.
Propylene glycol, another component of Aquasol,
is nearly inactive when applied to the guinea pig
(25). The effect of undiluted Aquasol could also
conceivably arise from the mobilization by Twccn
of cndogenous skin vitamin A, perhaps via the
sebaceous glands.
The epidermis appears to return to nearly the
normal state within 10 days after cessation of
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treatment with small amounts of vitamin A.
Other observations on such animals are suggestive
of delayed effects on the hair cycle, but are un-
certain owing to the small numbers of animals
employed.
The growth response of the epidermis to vita-
min A application is not pituitary-dependent;
the variability of the degree of response after
hypophysectomy may be the result of a variety
of systemic endocrine or metabolic changes, but
in particular could be a result of the reduction in
adrenocorticoids known to be inhibitory to hair
growth (3).
The effects of vitamin A on tail epidermis re-
ported herein serve to emphasize the possibility
that epidermal derivatives, including "hard"
keratin structures, as well as the epidermis itself,
may be vitamin A-sensitive.
The observation by Fisher and Herrmann (12)
that in man, topical applications of vitamin A
in emulsions or in sesame oil fail to elicit epider-
mal hypertrophy suggests an intrinsic lack of
response by human epidermis to topical vitamin
A. It is interesting to note the great difference
between normal mouse epidermis and normal
human epidermis, and the fact that hypertrophie
rodent epidermis resembles normal human
epidermis was emphasized some years ago by
Hammett (13). In any case, the response of
epidermis to topically-applied vitamin A appears
to be the result of a specific action of the vitamin
in this species, and this may be the situation in
rodents and lagomorphs generally.
SUMMARY
(1) The effects of topical application of small
amounts of vitamin A to the skin of C57B1
Crgl mice were studied, and compared with the
effects of similar amounts of other substances.
(2) Treatment with small amounts of vitamin
A applied as an "aqueous" dispersion (diluted
"Aquasol A") to the dorsal epidermis for 10
days was followed by epidermal hypertrophy
even at the one unit/day dose level. Within the
range 1—100 units/day, response (epidermal
hypertrophy) was directly proportional to the
log of the dose, with proportional thickening of
the stratum granulosum and sulfhydryl-rieh
subeorneal zone.
(3) During telogen, moderate amounts of
vitamin A produced thickening of the upper
outer hair follicle sheath, whereas during anagen
VI the follicle response resulted in overall in-
crease in length; such responses by the follicle
were not obtained at the lowest dose levels of
vitamin observed to induce epidermal thickening.
The current hair cycle is not significantly affected
by small amounts of the vitamin, and the epi-
dermal response to small amounts of vitamin A
was nearly identical during growth and resting
stages of the hair cycle.
(4) Ten days after completion of a 10-day
treatment period with vitamin A, effects attri-
buted to small amounts of the vitamin had dis-
appeared or markedly decreased.
(5) Moderate amounts of other substances
tested (vehicle alone; oleie acid, eysteine-HC1,
mereaptoethanol, a-toluenethiol or fl-carotene
in the "aqueous" vehicle) did not induce epi-
dermal hypertrophy.
(6) At massive dose levels of vitamin A and of
oleic acid, additional effects on epidermis and
hair follicles were observed, but such effects were
not identical for the two substances.
(7) The mitotie index after eolchicine was
higher in sections of vitamin A-treated epidermis
than in controls. It was concluded that vitamin
A-induced epidermal hypertrophy involves rapid
epidermal proliferation.
(8) The epidermal response to the vitamin was
observed to be essentially independent of the
pituitary.
(9) Areas of the mouse tail normally producing
"hard" keratin ("scales") also responded to
vitamin A and histologically came to resemble
"soft" keratinizing epithelium.
(10) The mechanism of induction of epidermal
hypertrophy by vitamin A is discussed. No
evidence was obtained for an inhibition of kera-
tinization rate by vitamin A.
(11) Induction of hypertrophy of mouse epi-
dermis after small amounts of topically-applied
vitamin A is interpreted as a specific action of the
vitamin.
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